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57) ABSTRACT 

A voltage/current measuring unit includes a signal generat 
ing source having a digital error detecting unit and a 
digital-to-analog converter (DAC) connected in series, a 
current measuring resistor having first and second terminals 
respectively connected to an output terminal of the signal 
generating source and a connection terminal, a voltage 
measuring circuit connected to the digital error detecting 
unit for measuring a voltage at said second terminal of the 
current measuring resistor and for providing a voltage 
feedback signal to the signal generating source, a current 
measuring circuit connected to the digital error detecting 
unit for measuring a voltage across the first and second 
terminals of the current measuring resistor, and for provid 
ing a current feedback signal to said signal generating 
source, the voltage measuring circuit and current measuring 
circuit both include analog-to-digital converters for respec 
tively converting a voltage appearing at the second terminal 
of the current measuring resistor and a voltage appearing 
across the first and second terminals of the current measur 
ing resistor into digital voltage values that are fed to the 
signal generating source. 

7 Claims, 6 Drawing Sheets 
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1. 

VOLTAGE/CURRENT MEASURING UNIT 
AND METHOD 

This is a continuation of application Ser. No. 08/195,383 
filed on Feb. 14 1994 now abandoned. 

FIELD OF THE INVENTION 

The present invention relates to a voltage/current mea 
suring apparatus and method employed in electronic mea 
suring apparatuses such as semiconductor measuring appa 
ratus, and more specifically, to such a voltage/current 
measuring apparatus/method that is capable of measuring 
various electric characteristics of a device under test (DUT) 

BACKGROUND OF THE INVENTION 

FIG. 6 is a schematic block diagram showing a prior art 
voltage/current characteristic measuring unit (PMU) 
employed in conventional semiconductor testing apparatus 
(for instance, a semiconductor characteristic measuring 
apparatus such as an HP4145 manufactured by the Hewlett 
Packard Company). The unit is capable of performing both 
voltage setting/current measuring operations and current 
setting/voltage measuring operations, the architecture of 
which is widely used in IC tester and DC characteristic 
evaluation apparatus marketed by the Applicant's Assignee. 

In FIG. 6, an error amplifier 111 is connected via an 
integrator 112 and a buffer 113 to one terminal “a” of a 
current measuring resistor 120. Signal generating source 110 
comprises error amplifier 111, integrator 112, and buffer 113. 
The other terminal "b' of current measuring resistor 120 

is connected to a predetermined terminal of a DUT. Both 
ends of resistor 120 are connected via buffers 131a and 
131b, respectively, to input terminals of a differential ampli 
fier 132. An output terminal of differential amplifier 132 and 
an output terminal of buffer 131b are connected to error 
amplifier 111. 

It should be noted that the buffers 131a, 131b and 
differential amplifier 132 constitute a current measuring 
circuit, whereas the buffer 131b constitutes a voltage mea 
suring circuit. When voltage setting/current measuring 
operations are performed, a setting voltage (V) is applied 
as an analog voltage to error amplifier 111 from a measuring 
signal process circuit (not shown) via a digital to analog 
converter (DAC) (not shown). Error amplifier 111 receives 
a voltage V appearing at terminal 'b' of current 
measuring resistor 120, compares voltage Vy with voltage 
V appearing at the terminal "b', and outputs an error 
signal to the integrator 112 in order that V becomes 
equal to Vy. 
A current (namely, a current supplied to a DUT) flowing 

through the current measuring resistor 120 may be detected 
by measuring a voltage across ends “a” and "b" of resistor 
120. The voltage across ends “a” and "b" is provided as an 
output voltage from differential amplifier 132 and is then 
supplied via an ADC (not shown) to the above-described 
measurement signal processing circuit. 
When current setting/voltage measuring operations are 

executed, a setting current signal (I) is supplied from the 
above-mentioned measurement signal processing circuit via 
a DAC to error amplifier 111. Error amplifier 111 is fed the 
voltages appearing across both ends of resistor 120, and 
outputs an error signal to integrator 112 in order that a 
current (namely, the current supplied to a DUT) flowing 
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2 
through resistor 120 becomes equal to the setting current. A 
voltage applied to the DUT is detected by measuring a 
voltage at terminal "b' of resistor 120. This voltage is 
furnished via buffer 131b and an ADC to a measurement 
signal processing circuit (not shown). 

However, since stabilities of the voltage and current 
feedback loops are established with respect to predictable 
load conditions in the above-described circuit, the gain/ 
frequency characteristic of the overall feedback loop is 
suppressed to a low value. As a consequence, a lengthy time 
period is required until the output signal Vor converges, 
and therefore it is difficult to accomplish a high-speed 
measurement. 

Even if a load causing no stability problem is employed, 
because the feedback loop is activated based on worst case 
conditions, measurement speed is limited. 

In other words, when the gain/frequency characteristic of 
the overall loop is extended to a high frequency range to 
achieve a high-speed measurement, overshoots occur when 
voltage settings are changed. A ringing phenomenon thus 
occurs, depending upon load conditions. In a worst case, 
other problems such as oscillations may occur. Also, since 
capacitors must be connected to various circuit portions to 
maintain stability of the feedback loop, errors caused by 
dielectric absorption and capacitive leakage currents occur. 
The present invention solves the above-described prob 

lems, and therefore has as an object to provide a voltage? 
current measuring unit and a voltage/current measuring 
method, which can measure various electric characteristics 
(such as a voltage/current characteristic of DUT) at high 
speed and under stable conditions. 

SUMMARY OF THE INVENTION 

A measuring unit, according to the present invention, is 
constructed of: 
a signal generating source having an error detecting unit, 
a current measuring resistor provided between an output 

terminal of the signal generating source and a DUT 
connection terminal, 

a voltage measuring circuit for measuring a voltage across 
the DUT connection terminal of said current measuring 
resistor, and 

a current measuring circuit for measuring a voltage across 
the terminals of said current measuring resistor, the signal 
measured by said voltage measuring circuit or said current 
measuring circuit being fed back to said signal generating 
source, characterized in that: 
an ADC is provided in the voltage measuring circuit and 

the current measuring circuit. The ADC converts the 
voltage appearing at the DUT end of said current 
measuring resistor and the voltage appearing across the 
both terminals of the current measuring resistor. The 
error detecting unit of the signal generating source is 
digital, and also a DAC is employed as an output stage 
of said signal generating source. 

Also, a measuring method is employed, wherein a signal 
from a signal generating source having an error detecting 
unit is inputted to one end of a current measuring resistor 
whose the other end is connected to a DUT; 
a voltage across terminals of the DUT of a said current 

measuring resistor is measured by a voltage measuring 
circuit, 

a voltage across both terminals of said DUT is measured by 
a current measuring circuit, and 
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the signal measured by either said voltage measuring circuit 
or said current measuring circuit is fed back to said signal 
generating source, and said feedback signal is compared 
with either a current setting value or a voltage setting 
value, whereby the voltage appearing across the DUT side 
of said current measuring resistor is made equal to the 
current setting value, or the voltage appearing across both 
ends of the current measuring resistor is made equal to the 
current setting value. 
The measuring method is characterized in that both the 

voltage appearing at the DUT terminal of said current 
measuring resistor and the voltage across the terminals of 
said current measuring resistor are converted into digital 
values in the voltage measuring circuit and the current 
measuring circuit, and digital error detection occurs between 
the signal fed back to said signal generating source and 
either the setting voltage, or the setting current. 

In the signal generating source according to the present 
invention, the error detecting unit is constructed as a digital 
circuit. For instance, an error between the feedback signal 
and either the setting voltage, or the Setting current is 
digitally calculated to obtain a digital error signal; the digital 
error signal is D/A-converted into an analog error signal; the 
analog error signal is inputted into the integrator, and an 
output of the integrator is applied to the current measuring 
resistor. It is of course possible to construct the signal 
generating source without providing an integrator at the 
output of the error detecting unit. In such case, the function 
(namely, an integral of error values) provided by the inte 
grator may be achieved by a digital signal processor (DSP). 

Further, normally, one pair of ADCs are employed for 
converting the analog voltage across both ends of the current 
measuring resistor into digital values. A digital subtractor 
calculates a difference between the outputs derived from 
both ADCs. After a difference between the analog voltages 
across both ends of the current measuring resistor has been 
obtained in analog form, the analog difference value may be 
A/D-converted into a corresponding digital difference value. 
In such case, the above described subtractor may be omitted. 

In the present invention, the analog signal derived from 
the DAC at the output of the signal generating Source, is 
supplied via the current measuring resistor to a DUT. 

In case of voltage setting/current measuring operations, 
the analog voltage appearing across the terminals of the 
current measuring resistor at the DUT side is A/D-converted 
into a digital voltage which is then fed back to the signal 
generating source. The error detecting unit of the signal 
generating source comprises digital circuits that compare the 
setting voltage with the digital voltage signal to change the 
digital data value to be supplied to the DAC in such a 
manner that the voltage appearing at the terminals of the 
current measurement resistor at the DUT side becomes equal 
to the setting voltage. 

In case of current setting/voltage measuring operations, 
voltages across both ends of the current measuring resistor 
are A/D-converted into digital voltage signals, respectively. 
Normally, after a difference between both of the digital 
signals has been digitally calculated, the digitally calculated 
difference is fed back to the signal generating source as the 
digital current signal. The error detecting unit of the signal 
generating source compares the setting current with the fed 
back digital current signal and changes the digital data value 
supplied to the DAC in such a manner that the current 
supplied to the current measuring resistor becomes equal to 
the setting current. 

It should be noted that the voltage measuring circuit 
A/D-converts the voltage appearing at the DUT terminal of 
the current measuring resistor, thereby measuring the current 
to be supplied to the DUT. 
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4 
The present invention is preferably operated so that 

measurements are repeatedly performed. 
For instance, when a measurement is carried out under the 

same or similar conditions to a previous condition (Same 
type of DUT, measurement, environment etc.), the voltage 
setting value of DAC during the previous measurement is 
stored in an external storage device and the control operation 
is performed by employing this setting value as a starting 
point. As a result, the voltage can be set faster than in a 
semiconductor measurement where 0 V is used as the 
Starting point. 

Further, even when no measurement under the same 
conditions has been performed, if the setting value of the 
DAC enables application of a desired output voltage as a 
starting point, then a high-speed measurement can be 
achieved that is several times faster than the measurement 
where 0 V is used as the starting point. 

Furthermore, in case of no repetitive measurement, when 
the approximate value of a DUT is already known, the 
setting of DAC may be performed where the optimum 
voltage setting value is used as the starting point. 

In addition, according to the present invention, an output 
voltage value control in accordance with load conditions 
may be performed. For instance, in the conventional unit 
shown in FIG. 6, it is difficult to obtain a stable output 
voltage in case of a capacitive load and an inductive load. In 
contrast, a stable output voltage can be set to a desired 
condition by varying a digital signal value without changing 
the circuit design and the hardware. 

Conventionally, when a voltage higher than the rating 
voltage of a DUT is applied to the DUT, there are some risks 
that the DUT will be destroyed. As a consequence, since 
stability under a worst load condition is maintained, there 
are some cases that the speed of measurement is sacrificed. 

In the present invention, since setting of the output 
voltage in the signal generating source is performed by a 
digital circuit which allows, the output voltage to be quickly 
moved to a desired voltage, the above-described problems 
are solved. 

DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a block diagram showing a voltage/current 
measuring unit according to an embodiment of the present 
invention. 

FIG. 2 is a block diagram representing a design modifi 
cation of the measuring unit shown in FIG. 1. 

FIG. 3 is a block diagram indicating another design 
modification of the measuring unit shown in FIG. I. 

FIG. 4 is a partial circuit diagram representing a condition 
when a load characteristic of the measuring unit of FIG. 1 is 
measured. 

FIG. 5 is a graph indicative of an output response in the 
circuit of FIG. 4. 

FIG. 6 is a circuit diagram for showing the conventional 
voltage/current measuring unit. 

DESCRIPTION OF SYMBOLS 

1 - - - signal generating source, 
11 - - - DSP 
12 - - - DAC, 
13 - - - buffer, 
2 - - - current measuring resistor, 
3 - - - current measuring circuit, 
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31a, 3lb - - - buffer, 
32a, 32b - - - ADC, 
33 - - - digital subtracter, 
4 - - - voltage measuring circuit. 

DETAILED DESCRIPTION OF THE 
INVENTION 

FIG. 1 is a circuit diagram of a measuring unit according 
to one embodiment of the present invention. A signal gen 
erating source 1 includes a digital signal processor (DSP) 11, 
DAC 12 and a buffer 13. DSP 11 includes an error detecting 
unit, into which a voltage setting value Viv is supplied in 
the form of a digital signal. Also digital signals are inputted 
from ADC 32b and a digital subtracter 33 (to be discussed 
below). 
A buffer 13 is connected to one terminal 'a' of a current 

measuring resistor 2, and another terminal "b' of current 
measuring resistor 2 is to a DUT, 

Terminals “a” and “b' of resistor 2 are respectively 
connected via buffers 31a and 31b to ADC 32a and 32b. 
Output terminals of both ADCs 32a and 32b are connected 
to input terminals of a digital subtracter 33. 
As previously explained, output terminals of ADC 32b 

and subtracter 33 are connected to DSP 11. It should be 
noted that outputs of ADC 32b and the subtracter 33 are 
transferred as a voltage measurement value V and a 
current measurement value I, respectively, to a mea 
surement signal processing circuit (i.e., a microprocessor, 
memory, etc., not shown). 

Buffers 31a, 31b, ADC's 32a, 32b and subtracter 33 
constitute a current measuring circuit 3. Also, buffer 31b and 
ADC 32b constitute a voltage measuring circuit 4. 

In the case of voltage setting/current measuring opera 
tions, an analog voltage appearing at terminal "b' of current 
measuring resistor 2 is inputted to ADC 32b via buffer 31b. 
In ADC 32b, the analog voltage is converted into a digital 
signal Vol. The digital signal is supplied to a measure 
ment signal processing circuit (not shown) and also to DSP 
11. In DSP11, digital value Voris compared with voltage 
setting value V. Both a difference value between the 
value Vour and voltage setting value Viv and past 
historical data of the difference voltage are used to calculate 
an optimum setting value for DAC 12. In other words, a 
digital value is calculated that causes output voltage Voto 
be driven to equal voltage setting value Vy. 

Current measuring circuit 3 measures a current supplied 
to the DUT, based on a voltage measured value I 
between both terminals of the current measuring resistor 2, 
and also the resistance value thereof. 

In case of current setting/voltage measuring operations, 
an analog voltage value derived from both terminals 'a' and 
"b” of current measuring resistor 2, is A/D-converted by 
ADCs 32a and 32b. The digital outputs from both ADCs 32a 
and 32b are inputted into subtracting circuit 33 to calculate 
a digital difference therebetween. Thereafter, the digital 
difference value is fed back to DSP 11 as a current signal 
I 

DSP 11 compares the feedback current signal Ito with 
setting current I, and derives a digital value which is 
supplied to DAC 12 so that current supplied to the current 
measuring resistor 2 (namely, current supplied to the DUT) 
becomes equal to the setting current Iv. The voltage 
measuring circuit 4 measures the voltage applied to the DUT 
by deriving the voltage appearing at the DUT terminal "b' 
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6 
of current measuring resistor 2 and then by AID-converting 
this voltage. 
As a result, various characteristics of a DUT, such as a 

voltage/current characteristic, may be stably measured at 
high speed. 

FIG. 2 shows an example of a modification of the unit 
indicated in FIG. 1. In the unit of FIG. 2, a voltage across 
both terminals 'a' and "b' of current measuring resister 2 is 
obtained as an analog value by a differential amplifier 34. 
Then, the analog voltage is A/D-converted by ADC 35 into 
a digital voltage which is then fed back to DSP 11 (in this 
case, buffer circuit 31a and subtracting circuit 33 are not 
needed). 

In FIG. 2, current measuring circuit 3 includes differential 
amplifier 34 and ADC 35. The voltage measuring circuit 4 
includes a buffer 41 and ADC 42 (corresponding to buffer 
31a and ADC 32 of FIG. 1). Voltage measuring circuit 4 is 
used to measure a voltage appearing at terminal "b' of 
current measuring resistor 2. Different from the voltage 
measuring circuit of FIG. 1, voltage measuring circuit 4 is 
not so constructed to use a portion of current measuring 
circuit 3. 

Because ADC 35 A/D-converts a differential voltage 
across terminals 'a' and "b' of current measuring resistor 2, 
resolution is increased. 

Since the above-described unit derives an analog differ 
ence value by way of differential amplifier 34, an analog 
error may occur. However, so long as this error is negligible, 
the unit shown of FIG. 2 is preferably utilized. 

FIG. 3 indicates another example of a design modification 
of the unit shown in FIG. 1. 

In the unit of FIG. 3, signal generating source 1 includes 
DSF 11, DAC 12, an integrator 14 provided at the output of 
DAC 12, and a buffer 13. DSP 11' detects an error between 
a setting signal and a feedback signal. An error component 
is converted by DAC 12' into an analog signal, and thereafter 
this analog signal is integrated by integrator 14. 

In the arrangement of FIG. 3, the integrating process of 
the error component effected in DSP 11 in the unit of FIG. 
1 is performed by an analog integrator 14. Since an inte 
grator includes no minimum calculating unit (as in the DSP 
processing apparatus), resolution of the output voltage is not 
limited by resolution of DSP 11 and DAC 12, as in case of 
FIG. 1. As a result, the resolution of DAC 12 is reduced to 
the minimum 1 bit, thereby simplifying the hardware 
arrangement. 
As previously stated, controls adapted to load conditions 

can be performed by the DSP 
FIG. 4 is a partial circuit diagram showing a load con 

nected to the measured signal output terminal of the unit 
shown in FIG. 1, in order to measure the load characteristic 
of this unit. 

In FIG. 4, a stepped waveform is inputted from DAC 12 
via buffer 13 and current measuring resistor 2 to a DUT (not 
shown). The distorted waveform is shown at output terminal 
"b'. It should be noted that stray capacitance of a fixture 
(measuring jig) is indicated by reference numeral 100. 

Generally speaking, there are many possibilities in a 
measurement of a semiconductor that the DUT may be 
represented as a capacitive load. Also, even if a DUT perse 
does not exhibit a capacitive characteristic, there is capaci 
tance from the measuring jig (see capacitance 100 of FIG. 
4). This capacitance will constitute a time constant RC 
(symbol "R" denotes a resistance value of resistor 2, and 
symbol "C" represents the capacitance value 100). This time 
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constant causes a lag in a rising edge of a waveform 
appearing at the measurement terminal (see in FIG. 5). 

In FIG. 4, DSP circuit 11 provides no correction based on 
a difference between the voltage at terminal 'b' and the 
setting voltage value, which is different from normal opera 
tion, however, a simple stepped voltage waveform is out 
putted. 
The voltage waveform atterminal “b' is shown in FIG. 5. 

This waveform is observed at the ADC (see ADC 32b of 
FIG. 3) that is provided at the outputside of buffer 31b. The 
time constant “RC' is given as follows, assuming that 
differences between the fixed value and the voltage value at 
time instants t and t are X and X2, respectively, 

RC=(t-t)/(log x-log x), where the symbol "log" indi 
cates a natural logarithm. 

It should be noted that since the resistance value 'R' is 
known, the capacitance value 'C' may be determined from 
this value 'R''. 

In accordance with this measurement, either the integrat 
ing time constant "T" for the DSP digital feedback process, 
or the stable condition of the gain 11T may be obtained under 
such conditions that T>RC, or l/Tk1/RC. 

If the actual digital feedback gain is set with a proper 
allowance within the range for satisfying this condition, then 
a high-speed setting operation can be stably achieved. 

Furthermore, in measuring units according to the present 
invention (especially, as shown in FIG. 1 and FIG. 2), no 
analog integrator is contained in the signal generating cir 
cuit), an arbitrary numeral series is given to the DAC for 
driving the output buffer, so that this DAC may be used as 
an arbitrary waveform generator (AWG). 

It should be noted that in a conventional measuring unit 
such as shown in FIG. 6, since there is provided an integrator 
between the V and the output, the DAC cannot directly 
drive the measuring terminal of a DUT (as an arbitrary 
waveform generator) with a sufficient speed. 

In semiconductor measurements, it is important to mea 
sure an applied biasing voltage and a capacitance when a DC 
bias is applied to the semiconductor. Measurements of the 
DC bias voltage and the capacitance of DUT are referred to 
as a "C-V measurement'. 

A relationship between C and V (i.e., C-V characteristic) 
may be obtained, without separately providing hardware for 
measuring capacitance, by utilizing the present invention. 
That is to say, the measuring unit is used as an arbitrary 
waveform generator without employing digital feedback. A 
sine wave superimposed with a DC voltage is produced by 
this arbitrary wave generator, and the measurements of 
voltage and current for a DUT are performed by the ADC in 
synchronism with the generated sine wave. 

It should be understood that the foregoing description is 
only illustrative of the invention. Various alternatives and 
modifications can be devised by those skilled in the art 
without departing from the invention. Accordingly, the 
present invention is intended to embrace all such alterna 
tives, modifications and variances which fall within the 
scope of the appended claims. 
We claim: 
1. A voltage/current measuring unit comprising: 
a signal generating source including a digital signal 

processor having a digital error detecting unit, and a 
digital-to-analog converter (DAC), connected in series, 
said digital error detecting unit providing a digital error 
voltage to said DAC that is a difference between 
settable input digital voltage and feedback digital signal 
values; 
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8 
a current measuring resistor having first and Second 

terminals respectively connected to an output terminal 
of the signal generating source and a connection ter 
minal; 

a voltage measuring circuit connected to said digital error 
detecting unit for measuring a voltage at Said Second 
terminal of said current measuring resistor and for 
providing a voltage feedback signal to said signal 
generating Source; and 

a current measuring circuit connected to said digital error 
detecting unit for measuring a voltage across said first 
and second terminals of said current measuring resistor, 
and for providing a current feedback signal to Said 
signal generating Source, 

said voltage measuring circuit and current measuring 
circuit both including analog-to-digital converter 
means for respectively concerning a voltage appearing 
at said second terminal of said current measuring 
resistor and a voltage appearing across said first and 
second terminals of said current measuring resistorint 
digital feedback voltage values that are fed to said 
signal generating source as said feedback digital signal 
values. 

2. The voltage/current measuring circuit as recited in 
claim 1 wherein said digital error detecting unit outputs an 
initial digital error voltage value dependent upon a pre 
established parameter derived from a past output voltage. 

3. The voltage/current measuring circuit as recited if 
claim 1 wherein said digital error detecting unit outputs an 
initial digital error current value dependent upon a pre 
established parameter derived from a past output current 
value. 

4. The voltage/current measuring circuit as recited in 
claim 1 wherein said voltage measuring circuit comprises a 
buffer amplifier and an analog to digital converter (ADC) 
and said current measuring circuit comprises Said voltage 
measuring circuit and a series connected buffer amplifier, 
ADC and a digital subtractor, said digital subtractor also fed 
by an output from said ADC in said voltage measuring 
circuit and providing a digital difference output to said 
digital error detecting unit. 

5. The voltage/circuit measuring circuit as recited in claim 
4 wherein said signal generating source further includes 
intergrating means coupled between anoutput from Said 
DAC and said first terminal. 

6. The voltage/current measuring circuit as recited in 
claim 1 wherein said voltage measuring circuit comprises a 
buffer amplifier and a series connected analog-to-digital 
converter (ADC), and said current measuring circuit Com 
prises a buffer amplifier and a series connected buffer 
amplifier and ADC, outputs from said ADC's connected to 
said digital error detecting unit. 

7. A voltage/current measuring method wherein a signal 
from a signal generating Source having an error detecting 
unit is inputted to a first terminal of a current measuring 
resistor, said current measuring resistor having a second 
terminal connected to an object to be measured, the method 
comprising the steps of; 

measuring a voltage at said second terminal of Said 
current measuring resistor by a voltage measuring 
circuit which provides a digital voltage measurement 
value; 

measuring a voltage across said first and second terminals 
of said current measuring resistor by a current measur 
ing circuit which provides a digital current measure 
ment value; 
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feeding said digital voltage measurement value from said which causes a voltage appearing at said second ter 
voltage measuring circuit, or said digital current mea- minal of said current measuring resistor to approach the 
surement value from said current measuring circuit to current setting value, or the voltage appearing across 
said signal generating source; and the first and second terminals of the current measuring 

comparing said digital current measurement value with 5 resistor to approach the digital voltage setting value. 
either a digital current setting value, or a digital voltage 
setting value, as the case may be, to provide an output ck k k : 
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